Abstract
Results
In total, 152 HDSHPT were randomized. The mean ± standard deviation (median, interquartile range) of percent changes in iPTH from baseline to end of treatment were −8.40 ±25.43% (−12.16, 39.60), −10.56±22.86% (−14.24, 27.85), and −20.16±34.23% (−23.83, 39.05) in the evocalcet 0.5, 1, and 2 mg/day groups and 5.44±25.85% (3.52, 35 .39) and −25.86±27.76% (−29.79, 34.15) in the placebo and cinacalcet groups, respectively. The dose-response profile for each evocalcet group vs placebo showed statistically significant differences for all contrast patterns. Whole PTH, corrected calcium, ionized calcium, phosphorus, and intact fibroblast growth factor 23 decreased after treatment initiation in the evocalcet and cinacalcet groups. Adverse events were observed in 30%-50% of patients (all PLOS ONE | https://doi.org/10.1371/journal.pone.0204896 October 31, 2018 1 / 15 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Secondary hyperparathyroidism (SHPT) is a common complication of chronic kidney diseasemineral and bone disorder (CKD-MBD), often occurring in patients with end-stage renal disease [1] . Cinacalcet hydrochloride is an oral calcimimetic agent proven to be effective in SHPT, as it decreases serum intact parathyroid hormone (iPTH), calcium and phosphorus levels in hemodialysis (HD) patients with SHPT (HDSHPT) [2] [3] [4] [5] [6] . This effect may contribute to improved prognosis among patients with CKD-MBD. However, cinacalcet occasionally induces gastrointestinal (GI) adverse events, particularly nausea and vomiting. Additionally, cinacalcet has been associated with several drug-drug interactions, mainly attributed to its strong inhibitory effect on cytochrome P450 (CYP) 2D6 and its involvement in the CYP3A4--mediated metabolic pathway [7] [8] [9] [10] . In particular, such GI adverse events may result in lower adherence and insufficient dosages [7] , [10] . KHK7580 (hereafter, evocalcet) is expected to be a novel oral calcimimetic agent and an allosteric modulator that could show similar efficacy to cinacalcet for suppressing iPTH secretion with fewer GI adverse events [11] . Therefore, evocalcet may be a promising calcimimetic agent to effectively control HDSHPT with a wide safety margin, especially for patients who cannot be adequately treated with cinacalcet because of adverse drug reactions or drug-drug interactions. This Phase 2b clinical study aimed to compare the efficacy and safety of three different evocalcet doses (0.5, 1, and 2 mg/day), with placebo and cinacalcet 25 mg/day in Japanese HDSHPT. We also aimed to identify the optimal starting dose of evocalcet for the subsequent Phase 3 study on HDSHPT.
Materials and methods

Ethics
This study was performed in accordance with the principles of the Declaration of Helsinki, Pharmaceutical Affairs Law, Good Clinical Practice, and associated Japanese regulations. Each study center received institutional review board (IRB) approval; 12 institutions obtained approval from their own internal IRBs, and the remaining 28 institutions obtained approval from 11 
Patients
The inclusion criteria were 20-75 years of age at the time of consent, stable CKD treated with HD three times weekly for at least 12 weeks before screening, iPTH level �240 pg/mL and serum calcium level corrected for albumin �8.4 mg/dL at screening according to the guideline of the Japanese Society for Dialysis Therapy [12] . Detailed exclusion criteria are listed in the supporting information (S1 Text). A patient flow diagram is shown in Fig 1. 
Study design and treatments
This was a Phase 2b, randomized, double-blind, placebo-controlled, multicenter, parallelgroup, dose-finding, five-group study (including one open-label control group, Fig 2) with a 3-week treatment period and a 1-week post-treatment observation period. This study was conducted in 40 facilities in Japan (S1 Table) . For an equal enrollment of patients at each facility, the number of contract cases for each facility was set to five cases.
Patients were randomized to the evocalcet 0.5, 1, or 2 mg; placebo; or cinacalcet group using a dynamic allocation procedure. Stratification factors were clinical trial site/institute, cinacalcet treatment history, corrected calcium at screening (<9.0 mg/dL or �9.0 mg/dL), and iPTH level at screening (<500 pg/mL or �500 pg/mL). Details of procedures applied to ensure blinding are summarized in the supporting information (S2 Text).
Blood samples were obtained and clinical laboratory tests were performed before the start of study treatment and starting dialysis. The study treatment began on Day 1, just before starting dialysis and after the maximum dialysis interval. Patients received the study drugs orally, once daily for 3 weeks. Patients who were assigned to the evocalcet 0.5, 1, and 2 mg and placebo groups received the study drug under double-blind conditions; those who were assigned to the cinacalcet group received the study drug under open-label conditions. End-of-treatment (EOT) assessments were performed on Day 22, followed by final assessments at the end of the follow-up period (Day 29). Cinacalcet was washed out from 2 weeks before the screening period. Other treatments, including active vitamin D, phosphate binders, calcium preparation and dialysis conditions, including dialysate calcium level, were not changed.
Biochemical and other determinations
All biochemical analyses were conducted at a central clinical laboratory. iPTH level in serum was analyzed by modular analytics using the ECLIA method (reagent: ECLusys PTH; Roche Diagnostics K.K., Tokyo, Japan). Intact fibroblast growth factor (FGF) 23 level was measured using the FGF-23 ELISA Kit (Kainos Laboratories Inc., Tokyo, Japan), a microplate reader (Tecan Infinite M200, Tecan Japan Co., Ltd., Tokyo, Japan), and software (i-control, Tecan Japan Co., Ltd., Tokyo Japan). To detect any significant electrocardiographic findings, subjects underwent a resting 12-lead electrocardiography. 
Endpoints
The primary efficacy endpoint was the percent change in iPTH level at EOT. The secondary efficacy endpoints were the number and percentage (%) of patients who achieved an iPTH level of �240 pg/mL at EOT and the number (%) of patients who achieved a decrease in iPTH level of �30% from baseline at EOT. Other endpoints included the time-course change of iPTH, whole PTH, corrected calcium, ionized calcium, phosphorus, intact FGF23, and serum corrected calcium-phosphorus product at each time point and at EOT. Treatment safety was based on the reporting of adverse events (AEs). All AEs that occurred after the initiation of study treatment were tabulated by type using System Organ Class and categorized according to Preferred Term of MedDRA/J version 17.1.
Statistical analyses
For the primary efficacy endpoint (percent change in the iPTH level from Day 1 to EOT) a dose-response profile was examined using seven types of contrast patterns involving the respective mean values in the evocalcet 0.5, 1, and 2 mg and placebo groups. The level of significance was set at 5%, and all tests were two-sided. All statistical analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA).
For the primary and secondary endpoints, missing data at EOT were imputed until Day 22 using the last observation carried forward method (LOCF). Categorical data were summarized as frequency and percentage, and continuous data were summarized using descriptive statistics, including number of patients (%), mean (standard deviation [SD]), and minimum, median, and maximum. The mean for each group and the corresponding 95% confidence interval (CI) were calculated by analysis of variance. The mean differences from placebo and the 95% CI for the mean were also calculated.
The target sample size per group was set at 30 patients (150 patients in total). The target number of patients in evocalcet and placebo groups (28 patients for each group) provided 90% power to detect at least one of the contrast patterns under multiplicity adjustment using a permutation method, assuming that the mean percent change in iPTH level at EOT of evocalcet 0.5, 1, and 2 mg and placebo groups were −6.71%, −13.42%, −19.80%, and 0%, respectively, and that the SD of all groups was 22.47%, with a two-sided significance level of 5% [13] . In the cinacalcet group, the target number of patients (28 patients) was calculated considering a previous study [7] . Given that some patients could drop out or be excluded from the per protocol set, the target number of patients receiving study treatment was set at 30 per group. The data analysis sets are described in detail in the supporting information (S3 Text).
Results
Patient disposition and baseline demographic characteristics
In total, 152 patients were recruited and were distributed evenly across the 40 facilities. All 152 patients were randomized, and one patient discontinued the study before initiating treatment. Thus, 151 patients received treatment (Fig 1) . Each of the five groups included 30 patients, except for the evocalcet 0.5 mg group, which included 31 patients. In total, 11 patients (1, 1, 4, 2, and 3 in the evocalcet 0.5, 1, and 2 mg, placebo, and cinacalcet groups, respectively) discontinued the study during the treatment period. More than 90% of the patients (n = 140) completed the treatment period and follow-up. A total of 144 patients (30, 30, 28, 28, and 28, respectively) were included in the per protocol set, and 151 patients (31, 30, 30, 30, and 30, respectively) were included in the safety analysis set.
The background characteristics of the patients in each group (safety analysis set) are shown in Table 1 . At least half of the patients in each group had been previously treated with cinacalcet. Specifically, the number of patients previously treated with cinacalcet at baseline in each group was 16 (51.6%) in the evocalcet 0.5 mg group, 16 (53.3%) in the evocalcet 1 mg group, 15 (50.0%) in the evocalcet 2 mg group, 17 (56.7%) in the placebo group, and 16 (53.3%) in the cinacalcet 25 mg group. The mean±SD iPTH levels at baseline were 405.0±159.2, 360.0±134.1, 400.3±159.4, 409.3 ±146.0, and 444.5±161.3 pg/mL in the per protocol set of each group, respectively.
Efficacy endpoints
Primary endpoint. Fig 3 shows the point estimate of the percent change in iPTH at EOT. The mean±SD (median, interquartile range) percent changes in iPTH level from baseline to Table 2 . Dose-response profile (contrast patterns).
Contrast pattern P-value
Monotonous decrease 0.002
Decrease from 1 mg 0.009
Decrease from 2 mg 0.029
Monotonous decrease (when the same level was observed for 0.5 mg and 1 mg) 0.002
Monotonous decrease (when the same level was observed for 1 mg and 2 mg) 0.004
Monotonous decrease (when the same level was observed for 0.5 mg, 1 mg, and 2 mg) 0.007
Monotonous decrease (when the same levels were observed for placebo and 0.5 mg, and for 1 mg and 2 mg)
0.022
The end of treatment visit occurred on Day 22 or at the early discontinuation visit. The P-value is adjusted for the multiplicity of tests by the permutation method. , and 2 mg, placebo, and cinacalcet groups, respectively. The missing data at EOT of four patients, one in the evocalcet 1 mg group and three in the evocalcet 2 mg group, were imputed by LOCF. The dose-response profile was examined using seven types of contrast patterns involving the respective mean percent changes in iPTH level from baseline to EOT in each group (Table 2 and Fig 4) . Statistically significant differences were observed between placebo and each evocalcet groups for all contrast patterns. As the 95% CIs for the difference of the percent change in iPTH level in the evocalcet 1 and 2 mg groups from the placebo did not cross 0, the efficacy of evocalcet was verified at 1 mg or more. Secondary endpoints. The number (%) of patients who achieved the iPTH level of �240 pg/mL at EOT was 4 (13.3%), 11 (36.7%), 10 (35.7%), 2 (7.1%), and 11 (39.3%) in the evocalcet 0.5, 1, and 2 mg, placebo, and cinacalcet groups, respectively. The number (%) of patients who achieved a �30% decrease in iPTH level from baseline at EOT was 7 (23.3%), 6 (20.0%), 11 (39.3%), 2 (7.1%), and 14 (50.0%) in the evocalcet 0.5, 1, and 2 mg, placebo, and cinacalcet groups, respectively. iPTH (Fig 5) , whole PTH, corrected calcium, ionized calcium, phosphorus, and intact FGF23, as well as corrected calcium-phosphorus product (Fig 6A-6F 
Safety
Among the 151 patients in the safety analysis set, AEs occurred in 11 (36%), 14 (47%), 9 (30%), 14 (47%), and 15 (50%) patients in the evocalcet 0.5, 1, and 2 mg, placebo, and cinacalcet groups, respectively (Table 3 and S2 Table) .
No AEs led to death in this study. Serious AEs occurred in 3 patients: 2 (6.5%) in the evocalcet 0.5 mg group (cholelithiasis and shunt occlusion) and 1 (3.3%) in the cinacalcet group (thrombotic cerebral infarction). These AEs were considered moderate and unrelated to the study drug.
The number (%) of the patients who experienced GI adverse events (nausea and vomiting) and calcium decrease-related events (classed as MedDRA preferred terms "blood calcium decreased", "corrected calcium decreased", and "hypocalcemia") are shown in Table 3 . No differences were observed in the incidences of GI adverse events in the evocalcet 0.5, 1, and 2 mg, placebo, and cinacalcet groups. Calcium decrease-related events occurred in 3 (10.0%), 2 (6.7%), and 3 (10.0%) patients in the evocalcet 2 mg, placebo, and cinacalcet groups, respectively. All of these events were judged as mild or moderate and were resolved without any intervention.
A total of 11 patients discontinued the study, including seven patients who discontinued for corrected calcium �7.5 mg/dL (1, 3, 1, and 2 in the evocalcet 1 mg, 2 mg, placebo, and cinacalcet groups, respectively). The incidence of discontinuation for calcium decrease was relatively higher in evocalcet 2 mg and cinacalcet groups (Fig 1) .
Regarding the results of the electrocardiographic evaluations, no clinically problematic fluctuations were observed after administration of the investigational drugs.
Discussion
This Phase 2b study was conducted to compare the efficacy and safety of three different doses (0.5, 1, and 2 mg) of evocalcet, with placebo and cinacalcet 25 mg in Japanese HDSHPT. The dose-response profile of evocalcet was confirmed based on the mean percent changes of iPTH levels from baseline in the evocalcet 0.5, 1, 2 mg, and placebo groups based on seven types of contrast patterns, all of which showed statistically significant differences. The dose dependency of evocalcet was confirmed as well as the advantage of evocalcet over placebo, starting at an evocalcet dose of 1 mg. The present results (shown in Fig 3) also suggest that the efficacy of evocalcet at a dose of 2 mg was nearly equivalent to that of cinacalcet 25 mg.
Increased levels of FGF23 are associated with CKD progression [14] . Some observational studies of HD patients have also linked increased levels of FGF23 with early mortality and cardiovascular events [15] , [16] . FGF23 decreased in all evocalcet groups and in the cinacalcet group in this study, which is consistent with previous findings of cinacalcet [17] , [18] and etelcalcetide [19] .
The most relevant AEs in this study were calcium decrease-related events, which occurred more frequently in the evocalcet 2 mg (n = 3 [10.0%]) and cinacalcet groups (n = 3 [10.0%]). Similar results were reported in previous studies of SHPT patients who were treated with cinacalcet [3] , [7] , [20] .
Although no between-group differences were observed for GI AEs in this study, in the Japanese Phase 2 study of cinacalcet, the incidences of GI AEs were 10.0% (n = 3) in the 25 mg group and 32.3% (n = 10) in the 50 mg group, whereas no GI AEs occurred in the placebo group [7] . Similarly, in the Phase 3 study of cinacalcet [4] , cinacalcet induced GI AEs in a dose-dependent manner. In this study, however, the development of GI AEs was considered to be suppressed by the fixed dose of cinacalcet 25 mg administered during the 3-week treatment.
Based on these findings, evocalcet 1 mg was considered appropriate as the initial dose for HDSHPT. The progression of SHPT leads to elevation of serum PTH levels and nodular hyperplasia of the parathyroid glands. HD patients with severe SHPT require additional treatment; a high level of PTH (iPTH >500 pg/mL) is one of the indications for parathyroidectomy [21] . Cinacalcet has the potential to suppress serum PTH levels even in severe HDSHPT [3] , Evocalcet for Japanese hemodialysis patients with SHPT
[22]. Therefore, evocalcet 2 mg may be more beneficial for these severely affected patients in terms of rapidly improving their PTH levels.
Possible limitations of this study were the relatively short treatment duration (3 weeks) and use of fixed doses of evocalcet and cinacalcet, which may have precluded us from obtaining appropriate comparative results regarding the incidences of GI AEs. We aim to evaluate this effect in the subsequent Phase 3 study. Additionally, it is possible that some patients, who developed GI symptoms while receiving treatment with cinacalcet before this study were purposely omitted from enrollment. As the initial dose of cinacalcet approved in Japan is 25 mg, we established this as the fixed dose in the control group. However, this may be considered a low cinacalcet dose given that the approved initial dose in the US and Europe is 30 mg, which may have precluded us from obtaining appropriate comparative results regarding efficacy. Further, some demographic and clinical characteristics, including male sex, age greater than 65 years, dialysis vintage, use of vitamin D, use of phosphate binders, and phosphate levels, were unevenly distributed at baseline in the five study protocol arms. This may have led to biased results. Another limitation of this study is the inclusion of Japanese patients only, which limits the generalizability of the present results. The strength of this study was its design, by which different doses of evocalcet were compared not only with placebo, but also with cinacalcet as the comparator (open-label). Although the cinacalcet group was set as an open-label control group in the present study, any potential biases arising from the open-label administration of cinacalcet treatment were limited because iPTH and corrected calcium are objective markers.
In conclusion, we confirmed the dose response and the safety of all administered doses of evocalcet, as well as the efficacy of �1 mg evocalcet. Therefore, evocalcet at a dose of 1 mg is considered appropriate as an initial dose for treating HDSHPT. Based on the present efficacy results, evocalcet at a dose of 2 mg may be beneficial for severe HDSHPT, but this requires confirmation in a future study. Furthermore, additional head-to-head comparative studies are needed to further compare evocalcet and cinacalcet in terms of GI symptoms. 
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